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(54) Method for adaptovely estimating reception quality 



(57) The present invention relates generally to the 
field of estimating reception quality and particularly to a 
method of adaptively estimating reception quality for a 
signal transmitted over a transmission channel. 

In radio communications systems, e. g. digital cellu- 
lar radio systems according to the Global System for 
Mobile communications (GSM), an estimation of the 
reception quality for a signal transmitted over the radio 
channel is used for many purposes. As the transmission 
conditions on the transmission channel my vary strongly 



due to their statistical nature, the known methods for 
estimating the reception quality often do not provide a 
satisfactory estimate. 

The present invention provides an estimate for 
reception quality of a signal transmitted over a transmis- 
sion channel which is adapted to the transmission chan- 
nel used for transmission of the signal. It is thus possible 
to provide an estimate which is optimised with regard to 
the transmission conditions. 
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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates generally to the field of estimating reception quality and particularly to a 
method of adaptively estimating the reception quality for a signal transmitted over a transmission charinel. 

BACKGROUND OF THE INVENTION 

10 [0002] In radio communications systems, e. g. digital cellular radio systems according to the Global System for 
Mobile communications (GSM), an estimation of the reception quality for a signal transmitted over the radio channel is 
used for many purposes. One example is the use of the reception quality in algorithms which are provided for deciding 
on handovers as described e. g. in „The GSM System for Mobile Communications" by M. Mouly and M.B. Pautet, Pal- 
aiseau, 1992. Ttie reception quality estimation (Qual) is based on the Bit Error Rate (BER) estimates derived in the sys- 

15 tern by Mobile Stations (MS) and Base Transceiver Stations (BTS) as a part of channel equalisation or decoding 
process. Usually Qual is reported within a reporting period of 480 ms via the Slow Associated Control CHannel 
(SACCH) by the MS. As the Qual vatue is available only every 480 ms, and as due to the nature of the transmission 
channel, which is influenced by a significant level of noise, i. e. statistical variations, fading, interference etc., the Qual 
values need to be averaged during the reporting period. 

20 [0003] As the transmission conditions on the transmission channel my vary strongly due to their statistical nature, 
for many cases, e. g. more advanced techniques like voice transmission with an adaptive data rate, known as Adaptive 
Multi Rate (AMR), or packet data transmission having an adaptive data rate, known as General Packet Radio Service 
(GPRS), the simple averaging over a fixed period of time of the Qual values is not sufficient in order to provide a satis- 
factory estimate for the reception quality. 

25 

SUMMARY OF THE INVENTION 

[0004] Accordingly, it is an object of the present invention to provide a method of adaptively estimating reception 
quality and particularly a method of adaptively estimating the reception quality for a signal transmitted over a transmis- 
30 sion channel. It is the aim of the inventive method under consideration to avoid the drawbacks known from the state of 
the art. 

[0005] The object is achieved by providing a method of adaptively estimating reception quality for a signal transmit- 
ted over a transmission channel, having steps of 

35 estimating said reception quality, 

determining an actual bit error rate by using a known bit sequence, 

determining an error value for an estimation error of said estimated reception quality by comparing said estimated 
reception quality to said actual bit error rate, 

adjusting an adaptive filter means in accordance with said determined error value, 
40 and filtering said estimated reception quality with said adjusted adaptive filter means. 

[0006] It is an advantage of the present invention, that it allows to provide an estimate for reception quality of a sig- 
nal transmitted over a transmission channel which is adapted to the transmission channel used for transmission of the 
signal. It is thus possible to provide an enhanced bit enor rate estimate which is optimised with regard to the transmis- 
45 sion conditions. 

[0007] The present invention will become more fully understood from the detailed description given hereinafter and 
further scope of applicability of the present invention will become apparent. However, it should be understood that the 
detailed description is given by way of illustration only, since various changes and modifications within the spirit and 
scope of the invention will become apparent to those skilled in the art. ~ 

50 

BRIEF DESCRIPTION OF THE DRAWINGS • 

[0008] The following detailed description is accompanied by drawings of which 

55 Fig. 1 is a representation of adaptively estimating reception quality in principal according to this invention, and 
Fig. 2 is a flow chart of a method of adaptively estimating reception quality according to this invention. 
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DETAILED DESCRIPTION 
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[0009] Following the invention will be explained for a GSM system. To those skilled in the art it is obvious that the 
present invention also is applicable to other wireless systems. 

[0010] Depicted in Fig. 1 is a representation of adaptively estimating reception quality in principal. An actual bit 
error rate BER is modelled as a stochastic process and abbreviated with s. An estimated reception quality Qual consists 
of the bit error rate s disturbed by a noise sequence n representing the estimation error. In Fig. 1 an adder 1 adds the 
noise signal n to the actual bit error rate s forming the estimated reception quality signal x. The signal x is coupled to 
an adaptive filter 2 which is used to filter signal x according to the actual bit error rate s. To adjust the adaptive filter 2 
the output signal of the adaptive filter 2 is coupled to an adder 3 and is subtracted form the actuaf bit error rate s. The 
output signal e of the adder 3, which represents the error of the estimated reception quality signal x compared to the 
actual bit error rate s is used to adjust the adaptive filter 2 in order to minimise the mean squared error of the estimate, 
by using the error signal which is available at the output of filter 2. 

[001 1] The adaptive filter 2 can be formed by a linear Finite Response Filter (FIR) defined by a set of coefficients 



w[k] t k € [L,K] 



0) 



[001 2] With the abbreviations as defined above for the actual bit error rate BER and the estimated reception quality 
Qual it is 



BER - s t and 
Qual » x 



(2a) 
(2b) 



25 [0013] As will be explained below, the value of the estimated reception quality x is equivalent to the actual bit error 
rate s plus an error n 



x[m] = s[m] + n[m] 



(3) 



30 with m being a discrete time variable. The impulse response of the linear fitter 2, as defined in equation (1 ) by its coef- 
ficients, is then chosen in order to minimise the resulting error e according to the least mean square method, i.e. 



Minimise e with subject to w[k] 



(4) 



35 where 



40 



(5) 
and 



s 2 = Z(sM-xM) 2 

m e/ 



(6) 



K 



x[m]= ^w[k] x[m-k] 

k=L 



with ! being a group of samples for which the mean value is built. K and L may be chosen HTSi way to get a causal or a 
so non causal solution of equation (6). The system of linear equations resulting from equations (1) to (6) is 



55 



(7) 



where [k] and R^lk-j] represent the cross and autocorrelation functions of s and x. This system of linear equations 
can be solved e.g. by direct matrix inversion, or by using a known algorithm like least mean square algorithm (UMS) or 
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recursive least squares algorithm (RLS). 

[0014] The solution for the vector of coefficients w is using the direct matrix inversion method is: 

(8) w = R^ r sx 



with 

R 



XX 



being the inverted auto-correlation matrix of x and r sx being the cross-correlation vector of s and x. 
[0015] By choosing different values for K and L the adaptive filter 2 can represent a causal or non causal form, by 
is applying symmetry constraints with regard to the time origin the filter function can be symmetric or non symmetric in 
the time domain. It can have a variable filter length in order to improve the filter quality. In addition a weighting function 
multiplied with the filter coefficients can be used. For greater detail and a better understanding of adaptive filter theory 
n Adaptive Filter Theory", by Simon Haykin, Prentice Hall, 1986, is incorporated by reference. 

[001 6] Following a method of adaptively estimating reception quality will be explained with reference to Fig. 2 which 
20 is a flow chart of a method of adaptively estimating reception quality according to this invention and shows the principal 
realisation of the adaptive estimation scheme in a wireless communication system. Fig. 2 shows a data source 20 which 
generates a known bit sequence. The known sequence of data source 20 is transmitted over a transmission channel 
21 . As the sequence of data produced by data source 20 known it is available on both sides of the transmission channel 
21. Therefore, two data source 20 on both sides of the transmission channel 21 are shown. After transmission the qual- 
25 ity of the received signal Qual is estimated 22. At the same time the actual bit error rate BER is calculated 23 by utilising 
the fact that a known bit sequence is generated by data source 20. Both the estimated reception quality Qual and the 
actual bit error rate BER are pre-processed firstly by using operations 24 and 25 in order to align the dynamic range of 
the stochastic variables and remove non-linear effects. For this purpose operations 24 and 25 can be e. g. logarithmic 
operations. The linearised and aligned values of Qual and BER are used in a way as explained above for linear optimi- 
se sation 26, e. g. least squares optimisation, to adjust a set of coefficients of a filter 28. By adjusting the filter coefficients 
according to the result of the linear optimisation 26 an adaptive filter 28 is formed which is used to adaptively filter the 
reception quality estimate Qual of the estimation step 22. in that way the quality of the estimated and filtered value as 
available at output 29 of the filter 28 is improved, as it is adjusted to the actual transmission conditions on the transmis- 
sion channel 21 used for transmitting the signal. Actual transmission conditions can vary e. g. with regard to the speed 
35 of the MS. The system can adapt then the filtering function to be an averaging function with a lower averaging time com- 
pared e. g. to the averaging time used for non moving MS. 

[0017] As explained above, for calculating the actual bit error rate BER, a known bit sequence is necessary. There- 
fore, for adaptively filtering the estimated reception quality Qual, data source 20 has to provide a known bit sequence 
either when the system is installed to adjust the adaptive filter 28 according to the transmission channel, or the data 
40 source 20 has to provide the known bit sequence continuously or regularly within certain periods of time. After the adap- 
tation of filter 28 a constant filter function. L e. a fixed set of filter coefficients, can be applied to filter the estimated Qual 
values of step 22. In this case the components encircled by dashed line 27 do not have to be operative. 
[001 8] In a GSM system e. g. the silence descriptor frames (SID frames) sent and provided at discontinuous trans- 
mission (DTX) can be used as reference signals to generate the BER values as they contain known data symbols. 



Claims 



A method of adaptively estimating reception quality for a signal transmitted over a transmission channel, having 
steps of " 



estimating said reception quality, ~ ' v " 
determining an actual bit error rate by using a known bit sequence, 

determining an error value for an estimation error of said estimated reception quality by comparing said esti- 
mated reception quality to said actual bit error rate. 
55 • adjusting an adaptive filter means in accordance with said determined error value, and 
filtering said estimated reception quality with said adjusted adaptive filter means. 

2. A method according to claim 1, 
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characterised in, that 

said estimated reception quality and said bit error rate are linearised. 

5 3. A method according to claim 2, 

characterised in, that v 

for said linearisation a logarithm of said estimated reception quality and said bit error rate is formed. 

w 4. A method according to one of the claims 1 to 3, ;^ - 

characterised in, that said steps of determining said error value and adjusting said adaptive filter means in accord- 
ance with said determined error value, is effected by linear optimisation. 

5. A method according to claim 4, 
75 characterised in, that 

said linear optimisation is achieved by least mean square optimisation. 

6. A method according to one of the claims 1 to 5, 
20 characterised in, that 

said steps of determining said actual bit error rate and determining said error value and adjusting said adaptive 
filter means in accordance with said determined error value is effected only once. 

25 7. A method according to one of the claims 1 to 5, 
characterised in, that 

said steps of determining said actual bit error rate and determining said error value and adjusting said adaptive 
filter means in accordance with said determined error value is effected on a regular basis. 

30 

8. A method according to one of the claims 1 to 7, 
characterised in, that 

said transmission channel is a radio channel. 

35 

9. A method according to claim 8, 
characterised in, that 

said radio channel is a transmission channel in a GSM system. 

40 
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Non-linear 
Operation 



Non-linear 
Operation 




Least Squares Optimisation 
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